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IMAGE FORMING APPARATUS AND 
METHOD FOR CORRECTING A SCANNING 

LINE BEND 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The invention relates to an exposure method for an image 

forming apparatus. and also to an image forming apparatus. 
For example. the invention can be used in an electrophoto 
graphic image forming apparatus such as a laser printer or a 
digital copier. 

2. Description of Related Art 
Recently. as an electron apparatus has a higher 

performance. a laser printer is requested to increase its 
printing speed and have a higher resolution. and print an 
image of a higher quality. As a technique of increasing the 
printing speed. known is a method in which the rotational 
speed of a polygon scanner is increased. However. the 
method in which the rotational speed of a polygon scanner 
is increased involves a large increase of the cost. 
Furthermore. the upper limit of the rotational speed is 
restricted from a physical standpoint. In place of the method. 
thmefore. it is proposed to employ a method in which a 
plurality of light sources are used (multibeam scanning 
method). 

In the multibeam scanning method. one scanning opera 
tion causes a plurality of scanning beams to reach a photo 
sensitive body so that electrostatic latent irnages due to the 
plural scanning lines are simultaneously formed In the 
future. the speed of a laser beam printer is expected to be 
further increased by implementation of the multibeam scan 
ning method. 

Conventionally. a laser beam printer according to the 
multibeam scanning method is disclosed by Japanese Patent 
Application Laid-Open No. 6l-26l715(1986). 

FIG. 1 is a diagram schematically showing the con?gu 
ration of the conventional laser beam printer 80. In FIG. 1. 
the laser beam printer 80 comprises two semiconductor laser 
devices 81 and 82. cylinder lenses 83a and 83b. a polygon 
mirror 85. image forming lenses 86 and 87. a photosensitive 
drum 88. and a sensor 89. 

Two light beams BMll and BM12 emitted from the 
semiconductor laser devices 81 and 82 impinge on the 
polygon mirror 85 which is rotated at a constant speed. 
Then. the two light beams BMI] and BM12 are parallel to 
each other in a plane parallel to the rotation axis of the 
polygon mirror 85. and also beams re?ected from the 
polygon mirror 85 are parallel to each other (see FIG. 3). The 
angles of incidence of the two light beams BMll and BM12 
projected onto a plane perpendicular to the rotation axis of 
the polygon mirror 85 are di?erent from each other. or have 
values of 911 and 912. respectively. 

In the conventional laser beam printer 80. the difference 
between the angles of incidence 011 and 612 of the two light 
beams BM11 and BM12 causes the pitch of the scanning 
beams passing through the surface of the photosensitive 
drum 88 to be disturbed. thereby lowering the quality of the 
resulting image. 

Speci?cally. the angle of incidence 611 of the light beam 
BMll emitted from the one semiconductor laser device 81 
is greater than the angle of incidence 912 of the light beam 
BM12 emitted from the other semiconductor laser device 
82. Consequently. a beam spot BSll due to the light beam 
BMll precedes a beam spot BS12 due to the light beam 
BM12 on the photosensitive drum 88. 
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2 
FIG. 2 is a diagram showing positions of the light spots 

BSll and BS12 which are formed on the photosensitive 
drum 88 at a certain instant. 

As shown in FIG. 2. at an instant. the beam spots B511 
and BS12 due to the two light beams BMll and BM12 
appear on the photosensitive drum 88. The beam spots BS1] 
and BS12 are separated from each other in the main scan 
ning direction M1 by a distance Ld which is caused by the 
difference between the angles of incidence 811 and 612. and 
in the subscanning direction M2 by a predetermined pitch 
LPt which corresponds to the resolution of the image to be 
formed. Therefore. at the instant when the succeeding beam 
spot BS12 reaches the position BE in the main scanning 
direction where the preceding beam spot 8811 was posi 
tioned and a pixel BS12x is printed at the position EE. a 
pixel BSllx printed by the preceding beam spot BS1] has 
been moved in the subscanning direction by a predetermined 
distance AL by the rotation of the photosensitive drum 88. 
Such a phenomenon occurs in all the beam spots BSD and 
BS12 due to the two light beams BMll and BM12. 
Therefore. the pitch LPa of the scanning lines SL1] and 
SL12 which are actually drawn on the photosensitive drum 
88 as a result of the movement of the two beam spots BSD 
and BS12 is greater than the pitch LPt in the subscanning 
direction of the two beam spots BSll and B812. 
When. as in the case of the prior art. the pitch LPt of the 

two beam spots BS1] and B812 in the subscanning direction 
is equal to the theoretical pitch which is originally to be 
formed on the photosensitive drum 88. the pitch LPa of the 
scanning lines SLR and SL12 which are actually drawn on 
the photosensitive drum 88 is not always accurate. thereby 
lowering the quality of the resulting image. 
As shown in FIG. 3. the two light beams BMll and BM12 

emitted from the semiconductor laser devices 81 and 82 are 
parallel to each other in the plane parallel to the rotation axis 
of the polygon mirror 85. and also the beams re?ected from 
a re?ecting surface 85R of the polygon mirror 85 are parallel 
to each other. Therefore. it is impossible to cause both the 
light beams BMll and BM12 to pass through the optical 
centers of the image forming lenses 86 and 87. 
Consequently. the light beams BMll and BM12 pass 
through a position other than the optical centers of the image 
forming lenses 86 and 87. resulting in that the scanning lines 
of the light beams are bent. Such a bend of a scanning line 
is sometimes called “bow”. Scanning line bends are formed 
in such a manner that the bend directions of the scanning 
lines above the optical centers of the image forming lenses 
86 and 87 are opposite to those of the scanning lines below 
the optical centers. Therefore. the distance between the two 
scanning lines SLll and SL12 due to the two light beams 
BMll and BM12 varies depending on the positions of the 
main scanning lines. thereby lowering the quality of the 
resulting image. 

SUMIVIARY OF THE INVENTION 

The invention has been conducted in order to solve the 
above-discussed problems. It is the principal object of the 
invention to provide an exposure method for an image 
forming apparatus. and an image forming apparatus which 
employ the multibearn scanning method using a plurality of 
light sources and in which scanning lines formed on a 
photosensitive body are prevented as much as possible from 
being disturbed so that the image quality is prevented from 
being lowered while attaining an improved printing speed. 

According to the exposure method and the image forming 
apparatus of the invention. a ?rst scanning line bend pro 
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duced by scanning means for re?ecting and scanning a light 
beam by means of a re?ecting surface which is rotatively 
moved is canceled by a second scanning line bend due to an 
image forming lens. Since the re?ecting surface is ?at. the 
angle of incidence varies in accordance with the rotation of 
the scanning means. Namely. the angle of incidence at an 
end portion of the re?ecting surface is greater than that at the 
center of the re?ecting surface. Therefore. the light beam 
which impinges on an end portion of the re?ecting surface 
and is to impinge on an end of the photosensitive body 
passes through a position separated from the optical center 
of the image forming lens. As a result. the ?rst scanning line 
bend is produced. When a light beam passes through a 
position distant from the optical center of the image forming 
lens. the light beam is refracted also in a direction perpen 
dicular to the scanning direction. As the position is closer to 
either of the both ends with starting from the center of the 
scanning direction of the image forming lanes. the degree of 
refraction has a larger value. As the degree of the refraction 
is greater or the position is closer to one of the both ends. the 
light beam approaches nearer the optical center. with the 
result that a second scanning line bend is produced. When 
the path of a light beam is set so that the ?rst and second 
scanning line bends are opposite in direction to each other 
and substantially equal in degree to each other. the bends 
cancel each other so that a scanning line which is free from 
a scanning line bend is formed on the photosensitive body. 

According to the exposure method and the image forming 
apparatus of the invention. the optic-axial angle of the light 
beam with respect to the scanning means is corrected so that 
the distance between scanning lines on the photosensitive 
body due to a plurality of light beams is corrected by a 
positional deviation amount in the subscanning direction 
due to the difference of the angles of incidence. In the case 
where light beams emitted from the plural light sources 
impinge on the scanning means at di?erent angles of 
incidence. the di?erence of the angles of incidence causes a 
time delay in the main scanning direction to be produced 
between beam spots on the photosensitive body. The time 
delay produces deviation in the pitch of the scanning lines on 
the photosensitive body. When the angles of incidence are 
previously adjusted by a degree corresponding to that of the 
deviation. the pitch on the photosensitive body is accurately 
formed so that the image quality is improved. 
When these methods or apparatuses are combined with 

each other. further etfects are attained 
The above and further objects and features of the inven 

tion will more fully be apparent from the following detailed 
description with accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagram schematically showing the con?gu 
ration of a conventional laser beam printer; 

FIG. 2 is a diagram showing positions of beam spots on 
a photosensitive drum at instants; 

FIG. 3 is a development diagram showing a state in which 
light beams are projected onto a plane parallel to the rotation 
axis of a polygon mirror; 

FIG. 4 is a perspective view schematically showing the 
con?guration of a laser beam printer according to the 
invention; 

FIG. Sis a diagram illustrating the operation of an optical 
unit; 

FIG. 6 is a development diagram showing a state in which 
light beams are projected onto a plane parallel to the rotation 
axis of a polygon mirror; 

10 

20 

25 

35 

45 

55 

65 

4 
FIG. 7 is a block diagram showing a partial circuit of a 

control unit; 
FIG. 8 is a timing chart showing an operation state of the 

partial circuit of the control unit; 
FIG. 9 is a diagram illustrating the pitch of scanning lines 

on a photosensitive drum; 
FIG. 10 is a diagram showing the positional relationship 

of semiconductor laser units; 
FIG. 11A is a diagram illustrating scanning line bends of 

light beams; 
FIG. 11B is a diagram illustrating scanning line bends of 

light beams; 
FIG. 11C is a diagram illustrating scanning line bends of 

light beams; 
FIG. 12 is a diagram illustrating the difference between 

angles of incidence caused by the rotation angle position of 
a re?ecting surface of a polygon mirror; and 

FIG. 13 is a development diagram showing a state in 
which light beams are projected onto a plane parallel to the 
rotation axis of a polygon mirror in another embodiment. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Hereinafter. the invention will be described in detail with 
reference to the drawings showing its embodiments. 

FIG. 4 is a perspective view schematically showing the 
con?guration of a laser beam printer 1 according to the 
invention. FIG. Sis a diagram illustrating the operation of an 
optical unit 11. FIG. 7 is a block diagram showing a partial 
circuit of a control unit 20. and FIG. 8 is a timing chart 
showing an operation state of the partial circuit of the control 
unit 20. 

In FIGS. 4 and 5. the laser beam printer 1 comprises the 
optical unit 11. a photosensitive drum 12. a charger 13. a 
developer 16. a transfer device 15. a cleaner 14. a ?xing 
device 17. and the control unit 20. 
The optical unit 11 de?ects two light beams BMI and 

BM2 which have undergone the luminance modulation. and 
draws two scanning lines SL1 and SL2 by one scanning 
operation in the main scanning direction (direction of arrow 
M1) of the surface of the photosensitive drum 12. whereby 
images of 2 lines are simultaneously formed. 
The optical unit 11 comprises two semiconductor laser 

units 21 and 22. a polygon mirror 23. an fB-lens 24. a 
re?ecting mirror 25. a small mirror 26. and a sensor 27. 

Each of the semiconductor laser units 21 and 22 com 
prises a semiconductor laser diode. a collimator lens. and a 
cylinder lens. The semiconductor laser units 21 and 22 
further comprise adjusting devices 21a and 22a for adjusting 
the optical axes. respectively. The semiconductor laser units 
21 and 22 emit the light beams BMI and BM2 which have 
undergone the luminance modulation. on the basis of a 
signal from the control unit 20. 
The polygon mirror 23 is rotated at a constant speed by a 

motor DMl. and de?ects the light beams BMI and BM2 
emitted from the semiconductor laser units 21 and 22 so as 
to scan photosensitive drum in the main scanning direction. 
The fB-lens 24 converts the light beams BMI and BM2 

de?ected so as to have a constant angular velocity by the 
polygon mirror 23. so as to attain a constant linear velocity. 
The re?ecting mirror 25 re?ects the light beams BMl and 

BM2 to guide them to the surface of the photosensitive drum 
12. The small mirror 28 re?ects the light beams BMl and 
BM2 at the start position of each scanning operation. to 
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guide them to the sensor 27. When the light beams BMI and 
BM2 enter the sensor 27. the sensor 27 conducts the 
photoelectric conversion on them and outputs a signal S1 for 
attaining synchronization of the scanning operations. 
The photosensitive drum 12 is rotated at a constant 

velocity in the direction of arrow M3 so that the surface of 
the upper side of the drum moves at a constant velocity in 
the direction opposite to the subscanning direction (direction 
of arrow M2). On the surface of the photosensitive drum 12. 
electrostatic latent images are formed by the scanning light 
beams BMI and BM2 from the optical unit 11. 
The charger 13 is used for previously charging the surface 

of the photosensitive drum 12 so as to have a constant 
potential. The developer 16 is used for adhering toner to the 
electrostatic latent images formed on the surface of the 
photosensitive drum 12. thereby developing the images. The 
transfer device 15 causes the toner images formed on the 
surface of the photosensitive drum 12 to be transferred to a 
paper PP. The cleaner 14 removes toner remaining on the 
surface of the photosensitive drum 12. thereby cleaning the 
surface. 
The control unit 20 receives the signal S1 from the sensor 

27 and drives the semiconductor laser units 21 and 22 in 
synchronization with the signal S1. The control unit 20 
controls also the motor DM1 for the polygon mirror 23. a 
motor for rotating the photosensitive drum 12. and other 
devices. 

In FIG. 5. the two light beams BMI and BM2 emitted 
from the semiconductor laser units 21 and 22 impinge on the 
polygon mirror 23 which is rotated at a constant velocity. In 
a plane parallel to the rotation axis of the polygon mirror 23. 
as shown in FIG. 6. the two light beams BM1 and BM2 
obliquely impinge on the polygon mirror 23. The two light 
beams BM 1 and BM2 are re?ected from the polygon mirror 
23 and then cross a plane including the optical center of the 
fB-lens 24. The two light beams BM1 and BM2 pass through 
positions other than the optical center of the fQ-lens 24 and 
reach the surface of the photosensitive drum 12. The angles 
of incidence of two light beams BMI and BM2 projected 
onto a plane perpendicular to the rotation axis of the polygon 
mirror 23 are different from each other. or have values of 61 
and 62. respectively. 
The angle of incidence 91 of the light beam BMl from 

one semiconductor laser unit 21 is greater than the angle of 
incidence 92 of the light beam BM2 from the other semi 
conductor laser unit 22. On the photosensitive drum 12. 
therefore. a beam spot BS1 due to the light beam BMl 
precedes a beam spot BS2 due to the light beams BM2 so 
that the beam spots BS1 and BS2 impinge on the sensor 27 
in this sequence. As a result. the sensor 27 consecutively 
outputs two pulses in response to one scanning operation. 

In FIG. 7. the control unit 20 comprises a buffer memory 
41. four line memories 42a to 42d. a memory control unit 43. 
parallel/serial converters 44 and 45. and drivers 46 and 47. 
The buffer memory 41 stores image data DF transmitted 

from the outside. The writing operation of the buffer 
memory 41 is conducted in response to a write signal SDW. 
Each of the line memories 42 stores image data DF for 

one line which are read out from the buffer memory 41 line 
by line. 
The memory control unit 43 controls the operation of 

reading data from the buffer memory 41 in accordance with 
a read signal RD. and also the operation of writing data into 
the line memories 42 in accordance with a write signal WR. 
The parallel/serial converters 44 and 45 converts parallel 

image data DF read out from the line memories 42 line by 
line. into serial data. 
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In accordance with serial data from the parallel/serial 

converters 44 and 45. the drivers 46 and 47 control the on/off 
operation of the semiconductor laser units 21 and 22 so that 
the light beams BM1 and BM2 which have undergone the 
luminance modulation are emitted. 

Among the four line memories 42a to 42d. the two line 
memories 42a and 42b store image data DFo for odd 
numbered lines. and the remaining two line memories 42c 
and 42d store image data DFe for even-numbered lines. In 
each of the sets of the line memories 42a and 42b. and 420 
and 42d. image data DFo and DFe are alternately written 
into and read out from the two line memories 42a and 42b. 
or 42c and 42d. 

As shown in FIG. 8. in the signal S1 outputted from the 
sensor 27. two pulses SP1 and SP2 appear consecutively. 
The memory control unit 43 generates a signal S2 having a 
pulse frequency which is twice that of the preceding pulse 
SP1. or in which a pulse appears also at a position corre 
sponding to one half of the period of the pulse SP1. The 
pulses SP1 and SP2 are independently taken out from the 
signal S1 so that signals S3 and S4 are generated on the basis 
of the pulses. 
The image data DF are sequentially read out from the 

bu?‘er memory 41 line by line and with a time delay t1 from 
each pulse of the signal S2. The reading operation is 
completed before the next pulse appears. In other words. in 
synchronization with the signal S2. odd-numbered and even 
numbered lines are alternately read out in the sequence of 
image data DFo for an odd-numbered line. image data DFe 
for an even-numbered line. image data DFo for the next 
odd-numbered line. and so on. 

The read out image data DFo for odd-numbered lines are 
alternately written into the line memories 42a and 42b. and 
the read out image data DFe for even-numbered lines are 
alternately written into the line memories 42c and 42d. The 
image data DFo and DFe written into the line memories 42a 
to 42d are read out with a time delay t2 from the next pulse 
in the corresponding signal S3 or S4. From each of the line 
memories 42a to 42d. therefore. the image data DFo or DFe 
for the lines are read out with a delay of one period after the 
generation of the pulses SP1 and SP2 of the signal S1. 
The time t2 is determined in accordance with the posi 

tional relationship between the photosensitive drum 12 and 
the sensor 27 and the scanning speed so that electrostatic 
latent images formed on the photosensitive drum 12 are 
located at adequate positions in the main scanning direction. 

Next. the optical axes of the two light beams BMl and 
BM2 emitted from the semiconductor laser units 21 and 22 
will be described. 

FIG. 9 is a diagram illustrating the pitch LPt of the 
scanning lines SL1 and SL2 on the photosensitive drum 12. 
The optical axes of the semiconductor laser units 21 and 

22 are adjusted by the adjusting devices 210 and 22a so that 
the beam spots BS1 and BS2 on the photosensitive drum 12 
are away from each other by a distance LPs in the subscan 
ning direction. The distance LPs has a value satisfying the 
following expression (1): 

LPs=LPkAL (1) 

where LPt indicates the theoretical pitch of the scanning 
lines SL1 and SL2. and AL indicates a moving distance 
caused by the rotation of the photosensitive drum 12. 
The theoretical pitch LPt of the scanning lines SL1 and 

SL2 can be obtained from the image resolution. When the 
resolution is 600 dpi. for example. the theoretical pitch LPt 
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is 42.3 pm The distance AL can be obtained from the 
distance Ldbetween the two beam spots BS1 and BS2 in the 
main scanning direction. the scanning speed Vh in the main 
scanning direction. and the scanning speed Vv in the sub 
scanning direction. or from the following expression (2): 

As seen from expressions (1) and (2) above. the moving 
distance AL is a correction amount for the pitch LPt of the 
scanning lines SL1 and SL2. When let td=Ld/Vh. the value 
td indicates the scan delay time on the photosensitive drum 
12 which is caused by the difference between the angles of 
incidence B1 and 62. When expression (2) is rewritten with 
using the scan delay time td. following expression (3) is 
obtained: 

AL=rd XVv (3) 

As in the case of the example shown in FIG. 9. when the 
beam spot BS1 precedes the beam spot BS2. the distance AL 
is a positive value so as to positively correct or reduce the 
pitch LPt. In contrast. when the beam spot BS2 precedes the 
beam spot BS1. the distance AL is a negative value so as to 
negatively correct or increase the pitch LPt. 
As seen from the above. the distance LPs between the 

beam spots BS1 and BS2 on the photosensitive drum 12 in 
the subscanning direction is corrected by subtracting the 
distance AL from the theoretical pitch LPt of the scanning 
lines SL1 and SL2. As a result of this correction. the pitch 
of the scanning lines SL1 and SL2 which are actually formed 
on the photosensitive drum l2 properly coincides with the 
theoretical pitch LPt. Consequently. pixels constituting an 
image are correctly positioned and the image quality is 
prevented from being lowered. thereby obtaining an image 
of a high quality. 
Even when the pitch of the scanning lines SL1 and SL2 

fails to strictly coincide with the theoretical pitch LPt. 
moreover. the above-described correction prevents the 
image quality from being lowered so that an image of a 
su?iciently high quality is obtained. In an actual correction 
operation. the directions of the light beams BMI and BM2 
are adjusted by the adjusting devices 21a and 220 so that the 
scanning lines SL1 and SL2 drawn on the photosensitive 
drum 12 exhibit the smallest scanning line bends. 
The two light beams BMI and BM2 emitted from the two 

semiconductor laser units 21 and 22 draw the two scanning 
lines SL1 and SL2 in one scanning operation. whereby 
images of two lines are simultaneously formed. As com 
pared with the case where only one light beam is used. 
therefore. the printing speed is doubled so that the printing 
speed is increased. 
When the angles of incidence 91 and 92 of the two light 

beams BMl and BM2 are equal to each other. it is not 
required to conduct the above-described correction. In the 
view point of mounting the semiconductor laser units 21 and 
22. however. it is impossible to make the angles of incidence 
61 and B2 of the two light beams BMI and BM2 equal to 
each other because of the following reason. As shown in 
FIG. 10. the two semiconductor laser units 21 and 22 have 
given form dimensions. When the emit distance Lb of the 
two light beams BMI and BM2 in the vertical directions is 
set to have a predetermined value. therefore. the semicon 
ductor laser units must be shifted in the lateral directions by 
a distance Lc. 

Next. the scanning line bends which are produced by the 
polygon mirror 23 and the fS-lens 24 in the light beams BMI 
and BM2 emitted from the semiconductor laser units 21 and 
22 will be described. 
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FIG. 6 is a development diagram showing a state in which 

the light beams BMI and BM2 are projected onto a plane 
parallel to the rotation axis of the polygon mirror 23. FIGS. 
11A. 11B. and 11C are diagrams illustrating scanning line 
bends of the light beams BMI and BM2. FIG. 12 is a 
diagram illustrating the difference between angles of inci 
dence on a plane parallel to the rotation axis which is caused 
by the rotation angle position of a re?ecting surface 23R of 
the polygon mirror 23. 

In FIG. 6. the two light beams BMI and BM2 impinge on 
the re?ecting surface 23R of the polygon mirror 23 
obliquely and symmetrically in the vertical directions. The 
two light beams BMI and BM2 are re?ected from the 
re?ecting surface 23R. and then cross a plane including the 
optical center of the fGlens 24 at a position PA which is 
between the polygon mirror 23 and the fG-lens 24. 
Thereafter. the light beams BMI and BM2 obliquely enter 
the fG-lens 24 at a position other than the optical center. and 
then pass through the lens 24. During this process. scanning 
line bends are produced in the two light beams BMl and 
BM2 by the polygon mirror 23 and the fB-lens 24. 
When the light beams BM1 and BM2 are re?ected from 

the re?ecting surface 23R. ?rst scanning line bends are 
produced as shown in FIG. 11A. Speci?cally. the scanning 
locus of the light beam BMl has an arcuate shape in which 
the center portion is higher than the incident position and the 
both end portions are lower than that. Conversely that of the 
light beam BM2 has an arcuate shape in which the center 
portion is lower than the incident position and the both end 
portions are higher than that. 

It is considered that the ?rst scanning line bends are 
caused from the following reason. In FIG. 12. loci of the 
light beam BMI are indicated by three triangles. respec 
tively. The uppermost triangle indicates the locus of the light 
beam BMl projected onto a plane perpendicular to the 
rotation axis of the polygon mirror 23. and the second and 
third triangles indicate the locus of the light beam BMl 
projected onto a plane parallel to the rotation axis of the 
polygon mirror 23 and perpendicular to the re?ecting sur 
face 23R. The point B is the center position of the re?ecting 
surface 23R in the rotation direction. and the point Ba is a 
position which is shifted toward one end of the re?ecting 
surface 23R as a result of the rotation of the polygon mirror 
23. The lines OB and OaBa are the normals to the incidence 
point of the re?ecting surface 23R. 

In FIG. 12. the angles of incidence and re?ection in the 
projection on the plane parallel to the rotation axis in the 
case Where the light beam BMl emitted from the point A 
impinges on the center portion (point B) of the re?ecting 
surface 23R are indicated by Hot. Those in the projection on 
the plane parallel to the rotation axis in the case where the 
light beam BMl emitted from the point A impinges on the 
end portion (point Ba) of the re?ecting surface 23R are 
indicated by BB. Then the following expression (4) holds: 

In other words. the angle of incidence 6B in the case 
where the light beam impinges on the end portion (point Ba) 
of the re?ecting surface 23R is greater than the angle of 
incidence Got in the case where the light beam impinges on 
the center portion (point B) of the re?ecting surface 23R. 
The reason of the above is as follows: Since the height of the 
point A from the scanning plane (the plane including the 
normals to the re?ecting surface 23R and perpendicular to 
the rotation axis) is constant. the lines A0 and AOa are equal 
in length to each other. The lengths B0 and BaOa of the 
normals which respectively elongate from the points B and 
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Ba to the starting points of the incident light have the mutual 
relationship of BO>BaOa. Therefore. the expression (4) 
holds. 

Consequently. the light beam BMl (BM2) which 
impinges on an end portion of the re?ecting surface 23R and 
is to impinge on an end of the photosensitive drum 12 passes 
through a position separated from the optical center of the 
fB-lens 24. As a result. this appears as the scanning line 
bends such as shown in FIG. 11A. 
When the light beams BMl and BM2 pass through the 

fG-lens 24. second scanning line bends such as shown in 
FIG. 11B are produced Speci?cally. the scanning locus of 
the light beam BMl has an arcuate shape in which the center 
portion is lower than the incident position and the both end 
portions are higher than that. Conversely that of the light 
beam BM2 has an arcuate shape in which the center portion 
is higher than the incident position and the both end portions 
are lower than that. 

It is considered that the second scanning line bends are 
caused from the following reason. When the light beams 
BMI and BM2 pass through the ?i-lens 24 with being 
separated from the optical center. the light beams are 
refracted. As moving from the center of the fG-lens 24 in the 
scanning direction toward one end. the degree of refraction 
becomes greater. As refraction is greater or the light beams 
BMI and BM2 pass through a position nearer either of the 
both ends. the light beams move closer to the optical center. 

Namely. since the light beam BM1 passes through the 
portion below the optical center of the fB-lens 24. the 
scanning locus of the light beam BMl has the center portion 
lower than the incident position and the both end portions 
higher than the incident position. Since the light beam BM2 
passes through the portion above the optical center of the 
fB-lens 24. the scanning locus of the light beam BM2 has the 
center portion higher than the incident position and the both 
end portions lower than the incident position. 
With respect to each of the light beams BMl and BM2. 

therefore. the ?rst and second scanning line bends are 
directed to directions opposite to each other. and hence the 
?rst and second scanning line bends cancel each other. As a 
result. the distance between the light beams BMl and BM2 
is stabilized so that the scanning lines SL1 and SL2 having 
a reduced scanning line bend are drawn on the photosensi 
tive drum 12. Accordingly. the image quality reduction due 
to a scanning line bend is prevented from occurring and an 
image of a high quality is obtained. 

Next. another embodiment for reducing the degree of a 
scanning line bend will be described. 

FIG. 13 is a development diagram showing a state in 
which the light beams BMI and BM2 are projected onto a 
plane parallel to the rotation axis of the polygon mirror 23 
in the other embodiment. As shown in FIG. 13. the emitting 
positions of the two light beams BMI and BM2 emitted 
from the two semiconductor laser units 21 and 22 are at the 
same level in the direction along the rotation axis of the 
polygon mirror 23. The two light beams BMl and BM2 are 
re?ected from the re?ecting surface 23R. Thereafter. the two 
light beams BMI and BM2 obliquely enter the fB-lens 24 at 
a position being out of the optical center. and then pass 
through the lens 24. 
When the light beams BMI and BM2 are re?ected from 

the re?ecting surface 23R. ?rst scanning line bends such as 
shown in FIG. 11B are produced. When the light beams 
BMI and BM2 pass through the fB-lens 24. second scanning 
line bends such as shown in FIG. 11A are produced. With 
respect to the light beams BMI and BM2. the ?rst and 
second scanning line bends are directed to directions oppo 
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site to each other. and hence the ?rst and second scanning 
line bends cancel each other. Accordingly. the scanning lines 
SL1 and SL2 having a reduced scanning line bend are drawn 
on the photosensitive drum 12. 

In the above-described embodiments. the semiconductor 
laser units 21 and 22 are used as the light sources. 
Alternatively. gas laser devices may be used. As the scan 
ning means. the polygon mirror 28 is used. Alternatively. 
other various devices including a galvanorneter may be 
used. The til-lens 24 is used as the image forming lens. In 
place of the fB-lens. or together with the fB-lens. a lens of 
another kind such as a cylinder lens. a spherical lens. a lens 
for correcting an inverted ?gure or the other lens may be 
used. When an image forming lens consisting of plural 
lenses is used. a synthesized optical center may be used as 
the optical center of the image forming lens. The photosen 
sitive drum 12 is used as the photosensitive body. In place 
of the photosensitive drum. a planar photosensitive body 
may be used. Furthermore. the con?guration. shape. 
operation. and so on of the optical unit 11. the control unit 
20. or the laser beam printer 1 may be modi?ed partly or 
thoroughly in an adequate manner in accordance with the 
spirit of the invention. Further the invention can be applied 
to other image forming apparatus than laser printer. 

As this invention may be embodied in several forms 
without departing from the spirit of essential characteristics 
thereof. the present embodiment is therefore illustrative and 
not restrictive. since the scope of the invention is de?ned by 
the appended claims rather than by the description preceding 
them. and all changes that fall within metes and bounds of 
the claims. or equivalence of such metes and bounds thereof 
are therefore intended to be embraced by the claims. 
What is claimed is: 
1. An exposure method for scanning a photosensitive 

body with a plurality of light beams. comprising the steps of: 
impinging a plurality of light beams at different angles on 

a scanning device having a revolving re?ecting surface; 
scanning the light beams with the scanning device in a 
main scanning direction in a state where a locus of at 
least one light beam during a single scan includes a ?rst 
scanning line bend owing to re?ection on said re?ect 
ing surface; 

passing the scanned light beams through positions on an 
image forming lens to produce a second scanning line 
bend in the locus of the at least one light beam during 
a single scan. said second scanning line bend otfsetting 
said ?rst scanning line bend. said positions excluding 
an optical center of said image forming lens; and 

exposing a surface of the photosensitive body to the light 
beams which have passed through said image forming 
lens. said surface moving in a subscanning direction. 

2. An exposure method according to claim 1. wherein said 
light beams are emitted from positions separated from each 
other in a direction of a rotation axis of said scanning means. 
and. after re?ected on said re?ecting surface. cross each 
other in a plane which includes the optical center of said 
image forming lens and which is perpendicular to said 
rotation axis. 

3. An exposure method according to claim 1. wherein said 
light beams are emitted from the same position in a direction 
of a rotation axis of said scanning means. and at ditferent 
angles with respect to said rotation axis. 

4. An image forming apparatus for scanning a photosen 
sitive body with a plurality of light beams so as to form an 
image. comprising: 

scanning means for scanning light beams in a main 
scanning direction in a state where a locus of at least 
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one light beam during a single scan includes a ?rst 
scanning line bend. said scanning means having a 
revolving re?ecting surface; 

a plurality of light sources for emitting said light beams to 
said re?ecting surface at di?erent angles of incidence; 

an image forming lens through which said light beams 
scanned by said scanning means pass at positions other 
than an optical center. producing a second scanning line 
bend in the locus of said at least one light beam during 
a single scan. said second scanning line bend offsetting 
said ?rst scanning line bend; and 

a photosensitive body which has a surface moving in a 
subscanning direction and on which an image is fonned 
by the light beams which have passed through said 
image forming lens. 

5. An image forming apparatus according to claim 4. 
wherein said light sources are arranged so that the light 
beams are emitted from positions separated from each other 
in a direction of a rotation axis of said scanning means. and 
after re?ected from said re?ecting surface. cross each other 
in a plane which includes the optical center of said image 
forming lens and which is perpendicular to said rotation 
axis. 

6. An image forming apparatus according to claim 4. 
wherein said light sources are arranged so that the light 
beams are emitted from the same position in a direction of 
a rotation axis of said scanning means. and at different 
angles with respect to said rotation axis. 

7. An image forming apparatus according to claim 4. 
wherein angles of incidence at which the light beams 
impinge on said scanning means are different from each 
other in a plane perpendicular to a rotation axis of said 
scanning means. 

8. An image forming apparatus according to claim 7. 
further comprising a correcting means for correcting angles 
of optical axis of the light beams so that a distance between 
the scanning lines on said photosensitive body is corrected 
in accordance of the amount of a deviation in the subscan 
ning direction due to a difference in the angles of incidence. 

9. An image forming apparatus according to claim 8. 
wherein said correcting means conducts correction so that a 
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correction amount AL for the distance between said scanning 
lines satis?es the following expression: 

where td indicates a scan delay time on said photosensitive 
body which is caused by the diiference between said angles 
of incidence. and Vv indicates a moving speed of the surface 
of said photosensitive body in a subscanning direction. 

10. An image forming apparatus in which a photosensitive 
body is scanned by a plurality of light beams. thereby 
forming an image. comprising: 

scanning means for scanning light beams in a main 
scanning direction. said scanning means having a 
re?ecting surface which is moved by rotation; 

a plurality of light sources for emitting said light beams to 
said scanning means at di?erent angles of incidence 
projected onto a plane perpendicular to a rotation axis 
of said scanning means; 

correcting means for correcting angles of optical axis of 
the light beams so that a distance between the scanning 
lines due to the light beams on said photosensitive body 
is corrected in accordance with the amount of a devia 
tion in the subscanning direction due to the difference 
of said angles of incidence; and 

a photosensitive body which has a surface moving in a 
subscanning direction and on which an image is formed 
by the light beams scanned by said scanning means. 

11. An image forming apparatus according to claim 10. 
wherein said correcting means conducts correction so that a 
correction amount otL for the distance between said scan 
ning lines satis?es the following expression: 

where td indicates a scan delay time on said photosensitive 
body which is caused by the difference between said angles 
of incidence. and Vv indicates a moving speed of the surface 
of said photosensitive body in a subscanning direction. 

* * * * * 


